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p^TH of f »»- T n v«»ntion 
The present indention relates to the field of 

delivering biological material into cells and more 
10 particularly to the induction of immunological _ 
response by the delivery of proteins and peptides both 
intracellular^ and extracellularly into animal 
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tissues. 



induction of an immune response, whether, 
cytotoxic or humoral, is typically achieved by 
delivery into the target animal of a quantity of the 
substance against which the immune response is 
desired. Small amino acid chains, or protein sub- 
units, termed peptides, often are incapable of 
eliciting an. immune response when injected into a 
animal to be immunized. To overcome that limitation, 
the peptide antigen is often coupled to a 
Troteinaceous carrier or other molecule functioning as 
a hapten. The carrier -coupled or hapten-coupled . 
peptide is typically introduced intramuscularly or 
Intraperitoneal^ in the presence of an ad 3 uvant. 
whereupon both portions of the carrier-peptide complex 
contribute to the induction of an immune response. 

This method can be effective, but suffers 
shortcomings in that the coupling may alter the 
immunogenic determinants of the protein such that 
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i^une response generated is not protective against 
solht « Path09en a9ainSC which Portion !s 

3 x «T1 ibo d ? h an immal " tio " — ° ■ 

= produce a cell , 7 1 ™"" ,e reSP ° nee ' U '*- ™ 
ThT! «"'^ated cytotoxic immune response 

Zl Zt ian oocurs wlth the 

^*TZ™^ t ^ nere ^ ore * it has been 
o response using a protein or peptide" 10 ' 10 " ° f 311 immune 

response"" J"? "'^ '° ^ P=»i=ular immune 

laZr oL y . lr - tr ° dUCln9 Peplid " -"ons <* 

larger proteins as immunogens without the use of „ 

adjuvant. Typically, however th .„ ■ 
■ been" coupled to ' -l,-., i-unog ens have 

15 P " C ° Ur 9 er Protein carriers." While 

" peptides are generallv i»„. • ™nne 

antigenic pJeinl L Z^ZT ^ 

allow ce^.in - vaccines because they may 

low certain epitopes to be present without other 

immunosuppressant epitopes. 

r^r -T additi ° n t0 ^ifying the nature 

Peptide, much effort has been directed ► * 

adjuvants that are compatible ^^^^ 

adjuvant, while allowed for a T' C ° mPlete 

•. - :r ts that preci^r:: 

The u,« „f u Proteins as immunogens . 

The use of synthetic peptides would cut costs L 

urease the purity of immunogens. Howev^re ult s 
have he en raixed ,„ ^ 

recognize native proteins from synthetic peptide 
immunogens. Moreover, no one has heretofore^ 
successfully devised a method for delivering carrier 

— t* -??«^-^txS^- 

the induction of a full . auxcs 

1 3 run immune resoonsp „ 

results have been blamed on in^'^T*"'* 

stability, alteration of antigenic reactivityaf ter 
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coupling, and section of antibodi s that recognize 
the peptide-carrier conjugate, but not the peptide 

al ° ne R ousseaux-Prevost et al.. Mnl --„ l , r Tmmunol say. 
5 28 . 9 4 3 -949 ,19,1) have demonstrated the product ion of _ 
antibodies fro. carrier free synthetic peptide, . of 
human protamines after injection.. However, these 
authors performed their experiments in the 
unconjugated bovine serum albumin and did not detect 

shown that an uncoupled decapeptide was 
specific antibody and T helper cell responses after 
in raperitoneal injection. It was the ""derstandrng 
„ of those authors that a certain epitope present on a 
decapeptide but not on shorter variants of the 
aecapep , . „_ „ T h-iner-cell-inducing 

decapeptide. was effective as a T helper 

epitope that functioned in a manner comparable to a T 
helper cell epitope normally present on a conjugated 
20 carrier molecule, while the art had thought it 
sufficient to couple synthetic. B-cell 
carriers containing T helper cell epitopes, that ^ 
broach has been demonstrated to be undefendable in 
light of reports of carrier- induced epitopxc 
25 suppression which can modulate B ; «n ~ 
The induction of cytotoxic T-cells was rep 
after inoculation with certain influenza hemagglutinin, 
fragments. Sites on such peptides have been 
. identified that are recognized by class-I MHC- 
30 restricted cytotoxic T- lymphocytes . ^""^ 
lymphocytes are also Known to recognize P'°«" e < 
antigenic fragments, and this has been shown in 
case of fragments of the nucleoprotein of the 
in£ luenza virus by T ownsend et al . ^M!^. ( . 
35 36:10 (1985) and Townsend et al.. £SJ^ . ■ , 

However. Nilich, " ( 

reports no successful in_viv°. induction of cytotoxic 
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T-lymphocytes by peptides. Milich laments this 
shortcoming in the art saying that "the recent 
findings that peptide fragments can sensitize target 
cells for lysis by CTLs-and indeed induced CTLs in 
ZilLro whereas intact proteins cannot -suggest the 
possibility that peptide antigens may be used to prime 
GTLs xs.vivfi if an effective delivery system can be 
devised." Id. at 262. 

• Th6refore ' ifc is apparent that no strategy for 

delivering protein or carrier-free peptide immunogens 
— wall be- optimally Wied - T n ^ • — 0 f" vaccination ~ 
until a suitable method for inducing humoral and 
cellular. immune responses is developed' that is 
effective, affordable and safe. 

gUmmarV Of th« Tr^ror,.^^ 

" - The "Present- invention is" summarized Tn that 
humoral and cellular immune responses can be induced 
after direct delivery into target cell, of peptides or 
proteins immobilized on biologically inert, non- 
biological particles. 

It is an object of the present invention to 
Provide a method for inducing both a humoral and a 
cell-mediated immune response in an organism by direct 
production of biological carrier-free peptides or 
-proteins into cells. " " " - — ' " ■ 

It is a feature of the- present invention that 
antigenic determinants of a peptide can be - retained 
after direct intracellular delivery of the peptide 
into target cells according to the method, 
_ It is an advantage of the present invention that 
delivery of the immunogen is rapid and efficient 
■ j_. ■ " 13 an ° ther adva ntage of the present invention 

of an Slzes ranging frora very sman pept . des ^ 
proteins . 3 

Other objects, advantages and features of. the 
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present invention will become apparent upon v 
consideration of the following detailed description. 

• r rirf r-r- r-'rri"" » f thP swings - 

Fig ; 1 is a schematic depiction of an apparatus 
5 that can be used in connection with the present 

method. . nf 

Fig. 2 is a graphical representation of some of 

the results of Example 5. 

Fig; 3 is. a graphical representation of some of 

10 the results of Example 5. 

Fig. 4 is a graphical representation of some. of 

the results of Example 5. 

: r -^ r ^ r^^rrintion of the Invention 
in the present invention, copies of one or more 
15 immunogenic peptides or proteins are attached to a 
plurality of biologically inert carrier particles. 
The particles bearing the immunogenic peptides or 
proteins are. delivered into a plurality of skin cells 
of a target animal whereupon a measurable immune . 
20 response is induced: No carrier protein or adjuvant 
is required and the peptide delivery elicits both a 
humoral and a cytotoxic immune response in the treated 

animal- . 

in this application, an immunogenic peptide is 

25 intended to encompass any biological molecule that has 

as all or part c£ its structure an amino acid chain of 

sufficient length and suitable sequence to induce an, 

' • immune response in accord with the present invention. 

This is specifically intended to encompass molecules 

30 generally known as peptides, polypeptides, and 

proteins as . well? as molecules that include peptide , 

polypeptide or protein portions in their structure 

. such a, glycopeptides. Although the terms are used . 

. herein to have differing meaning, i.e. peptides are 

... 35 sub-units of proteins, all such molecules are intended 
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to within the scope of the present invention. 

of a PT otein or pX " " ~*« 

the method ™ y „■ use" with , envisi °-0 that 

structures .hit contM" ^i^T^T' " 
r =h as ceUuiar antigens fr! m pltn^ ' r -^T^ 
capsids or coat protein antigens The r, ,1 
Of sufficient length to incite at 1st o'L * 
- - - -ognLelt ^ If 

^exj. or a T-cell response. T-cell 
responses can include inducing cytotoxic T l™ h 
(CTL) or T helper cell « \ ° X1C T ^Phocytes 

neiper cells, or other T-cell 

_to T-_or B ™>n J UraIlty of determinants directed 



10 



20 T-f»crv™„~ , Auuucea immune 

res pon can become increasi . x cour 

the number of determinants on a particular B , 

will vary with itq n H« ' partlcula r polypeptide 

y With its primary, secondary and tertiarv 
structures and with its length tertiary 

25 celluWa? 8 n tr ° dUCed *" method -duce a 

cellular as well as an antibody immune response ^ 

• ShOWn ; ln the ^mples - be low, a peptide of nine ' 

ana t cell responses in this method 

The immunogenic peptide rin 

*^ can be a naturallv 
30 occurrxng peptide. nim i c . pep , lde [ound £ 

TlZZ ' eatUCeS UOWn9 ^ - JZlu 

PP ae. A synthetic peptide can be synthesized 

• individual amino acids " f — 

Plurality of shorter peptides. , 
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The choice o£ immunogenic peptide can be made by 
reference to existing information about determinants 
of known peptides or can be predicted from s"™ 1 
analysis of primary amino acid sequences The art « 
cognizant of various methods for predxctmg the three 
dimensional structure of a peptide on the basrs of 
known properties of component amino acids. *»-■ 
hypothesized three dimensional structure, one can make 
informed predictions about the immunogenicity of 
particular portions of a peptide molecule. 

The method is believed to be operate for any 
peptide sequence, without regard to its origin. The 
peptide sequence can derive, for example, from vrra 1 
fungal, animal, plant, or microbial protern. smce the 
processes involved in producing an immune response 
within an animal do not depend upon the source of 

The immunogenic peptide is attached to particles 
that are sufficiently small that they can be delxvered 
directly through cell membranes without lasting 
damage. The art is generally cognizant of the 
desirable properties of particles used for partrcle 
acceleration into cells. The particles should also 
bave sufficient density to acquire adequate momentum 
auring acceleration to be able to P"» *~ tl * 
cells. High density metal particles of 0.5-5 morons 
in size are preferred. Most preferred are amorphous 
gold particles of 0.5-3 microns in size. 
hereinafter as gold powder. Sold spherical pa* ic 
may also be satisfactorily used, other particles that 
71 be used in a particle acceleration apparatus are 

known to the art. ,...,„ tk . 

The peptide molecules can be attached to the 
carrier particles either by simply mixing the two xn 
an empirically determined desirable ratio or by 
chemically coupling the peptide to the carr^ 
particles. Chemical coupling of a peptide to career 



WOW/14855 

PC17US9S/14698 

-8- ; 

particles can allow the coupled pent id* 

antigenic; sit* having a desired tert, 

The c oU p lincJ - T S aesared tertiary structure. 

and ,x& : s ^I^7? MidM8 " m - «». 

- -x-sr :rr e ;:: pep r is dis — d 

mixture and a t n *" al <=<*ol /water 

e ana a Known quant it v *-u~ 
" to a Known £ ° f the P*tias is 'added: 

. ^ o„ to \r;3.4; r ;:::; c ?- r e ^ 

" particle.. Onoe d rLd T ' 

coated with peptides d : rn r9 :,; t:1U " PS * P-ticles 

„ r -» ...» ; M s~u^ "-■ 

Z[J sonication unHi «-u * "/water bath : 

_ ion until the suspension is uniW 

carrier ptttuTa":: rh ^ ted 
target sL I is " c ^ ^ deliver, i nt6 

. --i>e peptide he prep, ,r^d LT^" 5 ' 

- .-. desired dosaoe ^r „ V apProp "a" for the , 

: response upon^" C TT ^ •"-*« 

»t. ct the peptide Z th\ ^ "»* t! » , 

necessary to ad 5 w °h ! PmiClsS - ■« "ay be 

; -"ver^intd^'tSe^r^ 3 " """"^ 
differences ^peptide le„^ CT"' 
titrations of ^ MO J t V £ ^^. P*P"de, 
and varying nu*ers ;o£ particle, f Particle 
'5 — recolSSaed^rt Thai b. ^^^-^^r^—— 

t W doses. o £ abiut r:r: f r:™e ned e " piricauy that 

P^"e can be iufficHn ■ tl T ^ **• in£lu ™« . 

S , " lcl «" ; to induce the desired imnnme 
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response. It is likely that smaller total dosages, as 
low as 1 or 2 m , or higher dosages, up to 100 ug. 
.would also work. The experience of the inventors 

indicates that there is an optimal loading rate, below 
5 which the immune response is reduced and above which 
no linear increase in response is observed. It is 
understood that the induction of immune responses wxll 
likely vary somewhat with the immunogenicity of the 
polypeptide used and possibly with the peptide 
10 molecular weight. The need for optimization of the 
delivered protein dosage, like that of any 
pharmaceutical, is to be expected. 

Various particle acceleration devices are known 
and the choice of one over another is not critical. 
15 The current device designs employ an explosive, 

electric or gaseous discharge to propel the coated 
carrier particles toward the target cells. The coated 
carrier particles can themselves be releasably 
attached to a movable carrier sheet or can be 
20 removably attached to a surface along which a gas . 
stream passes, lifting the particles from the surface 
toward the target. An example of a gaseous discharge 
device is described in U.S. patent 5,204,253. An . 
explosive-type device is described in U.S.- ^ ent 
25 4 945,050. One example of an electric discharge- type 
particle acceleration apparatus is the ACCELL 
instrument manufactured by Agracetus, Middleton 
Wisconsin which is described in U.S. Patent Number 
5 120 657. Another electric discharge apparatus is 
30 described in U.S. Patent Number 5,149,655. All of 
these patents are incorporated herein by reference. 

in this work, an electric discharge apparatus 
like that of US Patent 5,149,655 was used and a 
gaseous discharge device was also used. Briefly, the 
35 apparatus, shown schematically in Fig. 1, works. as 

follows. , 

i -a Dair of electrodes 12 and 
As shown in Fig. i» a 



WO 96/14855 



PCT/US9S/14698 



•10- 



10 



15 



20 



25' 



30 



35 



between them. The spark gap distance is bridged by a 
drop o £ ater 16 . . The end o£ each of ^ . . 

and 14 1S connected to one terminal of a high 
voltage capacitor 18, with one of the terminals being 
connected through a switch 20. After th. ^ 
is charged and when the switch 20^™ " 
voltage electrical energy is transferred from the 
.capacitor 18. to create a potential between" the " 
electrodes 12_and 14._ If the potential is_ _ 

a„d L ^ brid9e ^ 'he electrodes 12 

« and 14 instantly vaporises the water vapor droplets 
The expanding shock wave created by the instant 

radially outward in all directions. Previously placed 
wi hin the 2 one which is affected by the shockL' T 
a carrier sheet 22. The carrier sheet 22. has 
previously been coated with a number of tiny carrier 
particles 24 , The carrier particles 24 are of very 
dense materia!, preferably an inert metal such as 
9oM .and are of an extremely small size, on the order 
=£ a fraction of a micron to a few micrbns in size 

. !^ Carrie L partlCles °t. dense_material. so-.that- - 

therwui feidily retain momentum and are sufficiently 

cells of the organism which they are intended to 

72 f " haS teen ' OUnd th " «-i« Particles of 

size of a few microns can enter living cells, by 
penetrating the ceil walls thereof, without unduly 
adversely affecting the ability of most of the living 
cells to survive. In other words, the carrier 

The carr Pr t^>-*- ~i ~- -■■ . y ^"cm. 



. ^ " ALUUUL fining t 

The carrier particles in an apparatus such as that 
shown in Fig. i are also coated The 

particles 24 are coated with a peptide, or- protein 
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which is intended tc be inserted into the Uving ceils 

of the target organism. 

I„ the general scheme of the apparatus of Fig. 1, 
thecarrier sheet- 22 -is. Propelled — 

name implies, is simply a rigid metallic screen 
intended to retain the carrier sheet 22 . «hen t 

■>■> hits the retaining screen 26, it 
carrier sheet 22 hits tne =arr ier particles 

stops. However, the momentum of the carrier p 
24 carries them upward from the retaining — « * 

OD The tarqet organism is 
into the target organism 2. The ' J ^ 

the biological organism, tissue or ,. OT . ial 
me 3 ^ aenetic material 

; which it is desired to transfer the genet 

coated onto the carrier particles 24 . 

When delivering peptide-coated carrier particles 

into anima! s*in. it is desirable to ™ 

the target area. This is readily accomplished by 

0 shaving or dipping ^ are ^roughly 
depilatory treatment, the target ar 

^"Ihl^fLrreeded to deliver peptide-coated 
' p «ticles into s*in celis depends upon the particular 
:5 Lget animal and upon the ^ Uver 
Forces comparable to those used in the art 
DNA -coated carrier particles into 
appropriate for use in 

example, when -n, n eiectr ^ ^ , t 
JO apparatus, delivery int r 
discharge voltages in «^^^ u in the 

:r„ut ::iorrr h at z~ — — r r : 

arc win ■ . . ^i^pv-v into human 

appropriate delivery forces for * ^ ^ ^ 

35 l/ret^ Prot n-coated p-artides into 
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delivery into primates. V 

induced" 9 meth ° d ' immUne res P° nse «» be 

induced xn a mammalian animal having a functional 
immune svstem tk« „ lL ^ . '•"nccional 
5 annT ! f God win find particular 

applicability as a method for vaccinating h 
Because of m„ vaccinating humans, 

aecause of the many similarities between t-ho ■ 
system* n r u "ecween the immune 

syscems of humans and rodents and h ho , 
rodents, particulars nH ? convenience of 

™h ' 7 miCe ' as labo «tory animals 

-dents are a second desirable target^nLal T* ^ 
-del for human treatment, it i s also envisioned that 

. in Si de P ;; Z t " 18 *— ^ -Parson 

Jreund-s adjuvant into test anin.als. The 
de.on St t that simllar levels Qf antibod r ^- e 

■ ^7 9 ^ a ^~ated Particle delivery 
-thod as cohered to injection with Preund" ! 
adjuvant, but injection with Freund's fails to i f 
-gender the cytotoxic response that delivery V the 

°f t he : " T U " able h — 3. the method 

... - the present mention offers a methodology' that is 
not only superior to the ^ J^"^ 

"isr ™ ay be ~ b ~* - 

n ? 1 amOUnt ° £ «*">".<»•■ and then boosting 

120 re31men ' ^r. some antigens, as the HIV gp 

e the D " b " n £ ° Und a ^ *™. 

the pnme. „ a u th at is required to induce , 
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V 

cytotoxic cellular response. A regimen effective to 
induce immune responses against a particular influenza 
antigen is also, shown in the Examples. It is not 
believed that there is anything so distinctive about 
5 the tested peptides that would prevent generalizing 
the method to other immunogenic peptides. 

One of ordinary skill would be readily able to 
formulate a regimen appropriate for another 
immunogenic peptide using standard protocol -design 
10 methods. Variables one would need to consider in 

devising a delivery regimen would include the size and 
antigenicity of the peptide, or combination of 
peptides, the amount of peptide per delivery, the tine 
between priming and boosting and the period of latency 
15 preceding the appearance of immune responses. Each of 
these variables could have an impact, separately or in 
combination, upon the extent of the immune response 
induced. Presumably, by carefully adjusting the 
delivery regimen to take these variables into account, 
20 one can optimize the process to achieve a suitably 
strong immune response in an acceptably short time 
period. 

in designing a regimen for human vaccination, 
preliminary design efforts could be performed in a 
25 closely related model species having an immune system 
comparable in sophistication to the human immune 
system. Suitable model mammalian species could be 
selected from the rodent or primate orders: 

After delivery, induction of humoral and cellular 
30 immune responses are monitored using known techniques. 
For example, antibody concentration is readily 
determined using standard enzyme immunoassays. T- 
lymphocyte cytotoxicity may be monitored in 
experimental animals and in humans using standard CTL 
35 chromium-release or other assays. Other methods for 
monitoring the specific immune response may also be 
used. 
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Although it was hoped that the intracellular 
delivery of. peptides would facilitat, ^ ! 
Of a CTL response, the prec^e We • 
of^al and cytotoxic i raU ne 

disclosed ^thod. not. a t present . ^ ^ e ver 
tha botT r °" Che ^^ ^eri.ental Z" 

can.be induced, succe^™ ^ re^tsT'T" 
achieved in certain « . results can be 

- no t hoth' :: re :::: s ^ inducin9 

lifted to cases where ^ ±S "*> 

15 The nres.^ re =P°nses are induced. 

^ are intended to he ^l^Z'TllT 

20 other rode«s ? L% t " d T n09eniC P " Ptide ' .*» »d 
responses """^ f ° r hu -" ™™ 

EXAMPLES 
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1- Preparation of Pentido Q= m ,o ^ 
A peptide havi„ 9 the ££ S^T?"* 
TYQBTRM.V that resembles a portion n,\T 
nucleoprotein^, wa s purcn^^ £ 
Laborat6rv. ,nc. (BerKeley. CA ( . This ^de 
sequence is presented as -SEQ ID NO : i. 

The peptide was suspended »i- . 
10 „ 9 /„l ot 100% ethane! t '"of °» 

solution was Wxed 'with , c ' t Peptide 

, . w - cn 10 m 3 of gold powder of i -> 

dried under a stream of „J P ° Wder and Peptide was 

M . A .1. „1. ' Cre * m . °A "i-trog.en. .gas The- dried 

beads, now coated with the peptide Werp 
■ i- ethva acetate to. tota,^'- rrT^ 

the coated go^, larg& 
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clumps were broken up with a pipette tip and then the 
suspension was sonicated in a water bath at IS-C untxl 
the particles were uniformly suspended. Finally. 163 
-01 of this gold/peptide suspension was layered gently 
5 onto 1.8 cm by 1.8 cm Mylar sheets. After the 

particles settled from the suspension, the meniscus 
was broken and the Mylar sheet was air dried. 

An unrelated peptide having the amino acid 
sequence of NH 2 -Arg-Ile-Gln-Arg-Gly-Pro-Gly- A rg-Ala- 
0 Phe-Val-Thr-Ile-Gly-Lys, originally obtained from the 
HIVgpl20 protein, was also coated onto gold powder in 
th e same manner as was described above. To determine 
the extent of peptide loading onto the gold, a 
tritiated <H>) version of the HIV peptide was «rrxed 
5 through the loading procedure, and the number of bound 
counts was determined. From this analysis, it was 
determined that each carrier sheet contained 
approximately 5 M9 of peptide. ' The tritiated peptide 
assay indicated that only about one- third of the 
20 amount of the peptide added to the gold beads 

ultimately remained bound to the carrier sheet. It 
was assumed that the loading rate of the " 
peptide onto the gold particles was comparable to that 
of the HIVgpl20 peptide. 
25 2. Sample delivery. 

BALB/c mice were anesthetized with 350 /il of 
Ketamine/Xylazine solution (5 g/1 Ketamine, 1.2 g/1 
Xylazine) . Abdominal target areas were shaved then 
were treated with depilatory (Hair. Carter-Wallace 
30 NY) for 2 minutes to remove residual stubble and the 
stratum corneum. and rinsed with water. 

The coated Mylar sheets described in the previous 
section were loaded into an ACCELL particle 
• acceleration instrument (Agracetus, Middleton 
35 Wisconsin) for delivery. At each priming and boost 
inoculation, each mouse was treated with two coated 
sheets for a total of approximately 10 M9 of peptide 
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per treatment. Mice in ^ 

peptide or coated with the H IVg p i2 o peptide. 

* separate control procedure using stands 
5 immunization protocols was also „ . * " andard 

same experiment. In the "1 ! 3 ^ " ^ 
precede „>. standard inoculation 

cllw P<!Ptide W " mixed freu„d-s 

complete Adjuvant (FCA, . 3.0 ml of a 200 ^ 
solution of either- m a • «, Mg/mi 
« 100% ethanol -nf lue„ 2a or „ lv peptide in 

uut ethanol were added to i c m1 * ^ 
buffered Ra T 1 ° f P hos Phate 

-* oculated with 100 ,1 o£ this m^eTdaTo 

« boosted usino- th! " 9r ° UP ° f "' ioe » a " 

particle T 6 procedu " injection or 

boosted with :»o " o t 1 h 7 ni " ti » P»t"eol were 
-und. Xncompae^ ^ ^ ~" -P"*-^ 
concentrations as were des^bl " tattt » 
the original inoculatj Thu 'an -» 
approximately 10 ™ of oeo-iT "«ived 
Th. 8 Peptide per immunization. 

rr io „ of NP ^c^rr . 

mouse was also tested T. ,UninOOTl «^' 

3 • Test for CTL. 

The cytotoxic T-lymphocyte protQcol g 
standard .assay using mou se spleen cells m 

• sacrificed bv CO ,'nh a , . • MlCS Were ~ 

oy t_o 2 inhalation and thfir- B „i 

removed aseptically ft. »u ' " 

sterile «n spleens were placed in 

60 ^ P6tri -itb 3.0 Bl of RPMX 1640 
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culture medium' plus 10% heat inactivated fetal bovine 
serum and 0.05 mg/ml gentamycin. The spleens were 
minced into fine pieces using sterile scissors and 

were extruded through. a 70 micron pore size nylon mesh 
5 cup (Falcon) into a 50 ml sterile polypropylene tube.-- 
The petri dish and the nylon mesh cup were washed with 
10 0 ml of the RPMI 1640 plus 10% FBS plus gentamycxn 
medium. The splenocytes were centrifuged at 1500 RPM 
for 5 minutes and the supernatant was discarded. The 
10 pellet was resuspended in sterile Ack lysis buffer 
(0 15 M NH«Cl, 1.0 mM KHC0 3 , 0.1 mM Na 2 EDTA , P H 7.2- 
7 4 ) to remove red blood cells using approximately 5 
ml per spleen. The spleen cells in Ack lysis buffer 
were incubated at ambient temperature for 5 mxnutes 
15 with occasional shaking. Heat inactivated RPMI plus 

10% FBS was added to fill the tube and it was spun for 
10 minutes at 300 x g to pellet the cells. The pellet 
was resuspended in 10 ml of the RPMI medium. 
Approximately 1.5 x 10° splenocytes were obtained from 

20 each spleen. 

■ stimulator splenocytes from untreated mxce were 
used to activate the responder splenocytes obtaxned 
from immunized mice in sensitization medium (SM) . SM 
was made from RPMI 1640 plus 10% FBS plus 0.05 mg/ml 
25 gentamycin, 1 mM sodium pyruvate, nonessential amino 
acids, and 10 units/ml rat IL-2. 

Stimulator splenocytes were prepared as follows. 
The cells at 1 x -10' per ml were exposed to mitomycxn C 
at 25 w/n.1 for 20 minutes at 37 = C in a 5% CO, 
3 0 atmosphere in the dark. The cells were resuspended 

and were washed 3 times with 50 ml of the RPMI medxum. 
After each wash, the cells were centrifuged at 300 x g 
for 5 minutes. The peptide was dissolved at a 
concentration of l.'o mg per 100 ,1 of DMSO and then 10 
35 Ml of this solution was added to 10 ml of SM medxum, 

making the final peptide concentration approximately 1 
x lO" 5 molar for both peptides. 
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The stimulator and responds »*i v 
incubated in T25 f W toT^T^? "~ ~ 
atmosphere i„ 10 ml of SM yS at 37 ° c « a 5% co 2 

A chromium release assay was emm , 
5 the ability of in vitr« V em Pl°yed to measure 

v ary±ng numters TfllZiT™ cultur? plates " 

» varying effector.-ta " c " eli (t ° — ieve 

w-e la be led with Z l ^ ' ' '** M1 ? ««■ 

"line to an al iquot o£ cells i I l " °- 2 ml ° f »°™>i 
«edW The > 815 target M ■ . ^ J , ml " £ rp MI 
15 "cr for i hour at 3,4 Ld i ln «"«ted with the 

»ith the R P„x Mdiu „. £ ^ three times 

.J^^^J^.^^^J^'^ji^ 

medium with the influenza H p " ln the «« ." 

target cells were peptide ^ 'V* 10 '* ^ 

>° without further washing, rL^ ^ *™ " 

target ceils were added to the eft* PePClde -e u1 ^ 
»« »ell culture plate at W *^ in the 

°« the rpmi medium. After *\ U in 

the 9S . ue ii Plates were cen rir S H CUbati ° n " "° C - 

5 «» supernatant was suhjecte" t ?1™ ^ ° f « Ch - 
anting to measure to -cintiUation. 

^lls7 ' T he percent oH^T? " ""^^ ^ 
target cells for a pml ^ £ ^l^"* 
calculated as follows: ?ampU " as 

(Maximum "cr relea«« " — 

The control " C r r^jTi V^"* "** M *—> 

released from target cells th , * "-^ivity 

«Hb. The maximum h n ° effe "br 
ine maximum chromium release is h>, 0 
— radioactTvity^elelsed"^^ «e..i S the amount of 

cells hrought abou by th IddU ^ ° f 

10°. The following rlsults ! " ° f " *' 
«g results were obtained. 
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ofi response of cells from the gp 120-treated mice 
demonstrates the specificity of the induction. 

TABLE 1 

I ^^^^^^^^ 

SSB ^ , laynisaiisn B^M la^J* 

TTfled for t . M3tfrpd 

TTTimnnigation 

Influenza 
10 NP 



15 HIV 

gp 120 
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No .... 
treatment 



accelerated 
particle 


14. 3 
12.7. 
28.0 


24 . 3 
38.1 
9.9 


0.6 
2.9 
1.8 


conventional 
injection 


-3.5 
-3.6 
-9.1 


' 1.1 
-0.6 
1.3 


-1.7 
-1-7 


accelerated 
particle 


-2.5 


-2.7 
-1..1 
-1.7 


-1.9 

-1.6. 

-0.9 


conv. 

'. injection 


-1.5 


-0.6 
-1.4 
-1.7 


-2.1 
-0.6 
-1.7 




-4.7 

: 1.3/ 


-1.6 
-1.3 


-1.9 
-1.8 



A Each number represents the average percent specific 
lysis for a single mouse. 

„ 4.' Antibody Production. 

. The blood samples collected from each mouse before 
inoculation and on days 14. 42, and 56-ere centr.fuged 
at 2000 x g for 5 minutes in serum separator tubes 
,„icrotainer tubes) . Serum samples were stored at -. 

30 „.c before analysis: The -ells of *-U hxgh-b.nd.ng 

EIA/RIA plates/ (Costar. .were coated with influenza viral 
p r Lies that had previously been lysed with extrac t 

buffer (O.SMTris-HCl.pH 7.S-7... 0. 6 « KC1 and . 0 . 5, 
Triton X100I : The virus particles were lysed at a 
35 concentration of 0.S ml of extraction buffer per 20£. 

hemagglutination (HA, units. After 5 minutes at ambrent 
temperature.: the extraction buffer was diluted w.th PBS 
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to 5.0 ml. Each well received 50 M l of viral extras 
that contained 200 HA units. After overn^t " 

"rTat:^ any unbound 

viral antigen, was aspirated and the n3*t-»o 

wells were then blocked with 300 „1 per well of J V 

in PBS £o r Ao J a J ,* % ^ 

Were fluted serially in PBS/Tween-pn m • 

10 LVT? dlluted "™ — - ^ " 

S ^ut lon of., soat-anti-eo^e ! 9 G <„.= , 

for 1 hour at Tt Tt ,? Pl " e8 in ^ted 

PBS/Tween-20 »,!', " aShed 3 ""^-"ith 

at lo^ t Md PUteS inC ^" ed f - "-"tea 

-ad L 4P5 ^° £ xaolesTand Td^ ^ 

uxes ^ and 3 demonstrate that 
an lbody production , f of ■ 

cne antibody production after classical 
5 using Freund's adjuvant. ClaSSlcal ^oculat.on 

- - - - ^-^rotection From Lethal Virus Challenge: ' 

were ^ " artiCleS C ° ated With WUad influenza virus 

lethal fl t0 immUni2e miCS -»m-t-. 

lethal flu virus challenoe a n n j • 

•wxiciige . A Killed viruo t-iva^-., • 

was made by lysine fl„ „• Preparation 

7 lvsln 9 f lu virus strain A/PR/8/34 with rh « 
same solution of Tris-HCl *n ^ x 

HC1..KC1 and 0.5% Triton X100 
solution as described in example 4. Viral proteins 
corre Sponding to. approximately 14 , 500 ^ J,.^ 

^S^c^ 

particles. Acetone (1.0 ml) was added and' tuh^ 

^^^'"^^^^'^^■^ 

To prepare cartridges for use with the gaseous 
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discharg particle acceleration device the\ lurry of 
protein-coat d gold in acetone was aspirated into a 
horizontal length of Teflon tubing. After 5 -nutes, 
the virus-coated gold particles had settled, and the 

^ The tubing was then dried with a 
5 acetone was removed. The tuDing w 

c m „ aB For assay and peptide 
aentle stream of N 2 gas. roi. i 

delivery, the tubing was cut into X/2» lengths. Three 
* a . lengths were assayed by the Bradford protein assay 
to correiate HA units with absorbance units and the 
XO three tubes were determined to have 25, , 492. and 496 HA 

units, respectively. 

the regaining 1/2- lengths of tubing were used to 
ionize the mice. A gene deUvery device based on a 
compressed gas passing through the ^~£%J™ 
15 mice were primed on day 0 by delivery of killed-virus 

Tated gold particles at two abdominal sites and boosted 
on day 31 by a similar treatment at three abdominal 
sites. On day 40. blood samples were collected for 
antibody determination, one mouse had an ant i-viral 
20 antibody titer P« l/S* by ELISA .Same -ay described 
in example 4, . and the remaining five mice had EL SA 
titers of 1/5.000 to X/20,000. Six mice were ieft 
untreated, to serve as non-immunized controls . 

On day 62 following the initial immunization, the _ 
25 six immunized and the six non- immunized mice were all. 
challenged with a normally lethal dose ,400 p ague^ 
forming units') of the same virus strain used for the 
vaccinations. As shown in Figures 2. 3 and , the six 
non-immunized mice all deveioped severe symptoms and 
,0 died within 10 days , only X of .« mice. ^ 
the protein/gold preparation had temporar y weight loss 
. and mild symptoms, while the remaining 5 vaccinated mice 
remained asymptomatic throughout the experiment^ F 
- shows weight loss following virus challenge. Only x/6 
snows we a ueiqht. whereas 6/6 non- 

35 immunized mice temporarily lost weign . 

. „ ■ ,™. „ least 30% of their weight. No 
immunized mice lost at least jv 

miC e remained alive by day 10 post-challenge. Fig. 
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shows symptom scores following virus challenge, a score 
of 0 indicates no symptoms, while 5 denotes death 
intermediate symptoms were rated as + l (least severe) to 
s + 4 (most severe, . Only x mouse in the vaccinated group 
5 temporarily had symptoms, at the mildest ( + i) level 

times 4 aL hOWS """" * ^ ^ various 

times after virus challenge. 

This protection was most likely due to the delivery 
0 I: 1 " Pr ° teinS t0 ^ h ^-ccinat,d mice, ..although . T 
contribution of the virus' RNA genome is theoretically 

made to protect it from degradation. Moreover, the 
vaccinated mice did not become ill. from ^he vaccination 
suggesting that the RNA genome was not intact 

> Nevertheless, additional experiments are needed to rule 
out a possible contribution of the viral RNA to the 

-.- - Protective, ef fect-observed-.- ~ ----- ■ — — - - — 

Taken together, the data accumulated in these 
examples indicate that while the classical inoculation 

col' V 3 t0 indUCe response, no 

comparable cytotoxic cell -mediated, immune response 
arises. m contrast, delivery of bid ogically ac tive 
Peptides by particle acceleration can induce both 
humoral and cell-mediated immune resp onses. Given that - 
noculation by accelerated particles is very rapid and 
.easy, does. not require adjuvants; and that it offers 
advantages for long term storage of samples, these 
results demonstrate the desirability of inducing both 
humoral and cytotoxic immune responses in mammalian 
animals by particle acceleration, and suggest the 
ability to deliver effective peptide vaccinations and a 
range of immunogenic agents using this technology 
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TABLE 2 V 
Antibody Responses to 9-Amino Acid Flu Peptide 

Accell® Injection with 

f J^ uvant )_ Frond's Adjuvant 

0 /9* 1/8* (400)** 

5 Prime only u ' y 

Prime ♦ 1 boost 1/6-M00) */»< M4 > 

prime . 2 boosts 3/3(200,800.200) 1/2(400) 

. Number of mice with detectable antibody/total number 

..RecTpro=a? S t!?ers for .ice having detectable 
antibodies. 



10 



15 



Table 3 

Antibody Responses to Human Alpha 1 Anti-Trypsin Protein 

Accell® injection with 

(M ^H*uv a nt) Fund's Ad-,uvant 

4/4( , 50 375 4/4 (1425,24000, 

Prime only 4/ ( 21o',250) 1425 ' 400) 

^ to .M(o<;no 9500 4/4(10000,50000, 

Prime + 1 boost 4/4 ^fSS', 5B00> 18000,3800) 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS- 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
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CLAIMS 



1. 



A method for inducing in a mammalian animal 
both humoral and cytotoxic immune responses, the method 
comprising the steps of: 

coating copies of a peptide that comprises an 
immunogenic determinant onto the surface of a plurality 
of particles that are sufficiently small and of 
sufficient density to be delivered with adequate 
momentum directly through a cell membrane; 
r .: ; ac<=ele „ ra ^ n 9T i, ?to: targetTs)cin"cells ofTt'he" — " 
mammalian animal an amount of the coated particles 
effective to induce in the animal an : immune response 
specific to the determinant of the peptide, wherein the 
accelerating step comprises a prime and at least one 
15 boost; 

-detecting: the induction of both humoral " and ' ' " " 

cytotoxic immune response in the mammalian animal . 



2. The method as claimed in Claim 1 wherein the 
mammalian animal is a rodent. 



20 3 - Th e method as claimed in Claim l wherein the 

.... - coating step comprises the step-of chemically binding^ 
the copies of the polypeptide to the particles. 
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4 The method as claimed in Claim 1 wherein the 
accelerating step further comprises the steps of : _ 

placing the coated particles onto a planar carrier 

5 ^'accelerating the carrier sheet toward the target 

skin cells; and 

stopping the carrier sheet while permitting the 
coated particles to travel on toward the target skm 

cells. 



10 s The method as claimed in Claim 4 wherein the 

carrier particles are accelerated under the force of a 

gaseous discharge. 

6 The method as claimed in Claim 4 wherein the 
carrier sheet particles are accelerated under the force 

15 of an electric discharge. 

7 The method as claimed in Claim 1 wherein the 
detecting step comprises an ELISA assay. 

8 T he method as claimed in Claim 1 wherein the 
detecting step comprises an assay for measuring 

20 proliferation of T- lymphocytes . 
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9. 



A method for inducing in a mammalian animal 
both humoral and cytotoxic immune responses, the method 
comprising the steps of: 

coating copies of a peptide having less that 
5 fift een amino acids and 

determinant onto the surface of a plurality of particles 
that are sufficiently small and of sufficient density to 
be delivered with adequate momentum directly through a 
cell -membrane; 

10 accelerating into target skin cells oVthV 

'. ' • , mammaUan;^niihar "an -'amount of the-; coated'- particles 

effective to induce in the; animal an immune " response" 
specific to the determinant of the peptide, wherein the 
accelerating step comprises a prime; and 

detecting the induction of both humoral arid 
cytotoxic, immune response in the . mammalian animal . 



15 



10. A method as claimed in Claim 9 further 
including a second boost step of delivering an 

additional quantity of coated carrier, particles into the 
20 animal . ■ ' -. 



11. The method as claimed in Claim 1 wherein the 
peptide has- multiple antigenic determinants . 



12 ■ Thfe method as claimed in Claim l wherein the 
peptide is a whole, inactivated virus. 
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